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(57) ABSTRACT 

An apparatus and method for automatically adjusting toner 
density in a color printer. The apparatus includes a toner 
quantity adjusting module for reading remaining toner quan 
tities from a plurality of cartridges, respectively, comparing 
a lowest level of the remaining toner quantities with a 
reference remaining quantity range to determine whether or 
not the lowest level is in the reference remaining quantity 
range, and applying a masking table, in which toner density 
matching the lowest level is set, to the remaining cartridges. 
Accordingly, toners can be fixed at the toner density match 
ing the remaining toner quantity in the cartridges of the color 
printer so as to maintain optimum color density Substantially 
equal to that of the original data, thereby providing a user 
with a printed material of desirable colors. 

6 Claims, 5 Drawing Sheets 
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APPARATUS AND METHOD FOR 
AUTOMATICALLY ADJUSTING TONER 

DENSITY IN A COLOR PRINTER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of Korean Patent 
Application No. 2004-83760, filed Oct. 19, 2004, the dis 
closure of which is hereby incorporated herein by reference 
in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an apparatus and method 

for automatically adjusting toner density in a color printer, 
more particularly, by which color density to be fixed can be 
adjusted according to remaining toner quantity in the color 
printer. 

2. Description of the Related Art 
In general, a color printer has four color toners, i.e., 

yellow, magenta, cyan and black toners contained in car 
tridges, respectively. The color printer fixes a color toner 
from its cartridge onto a printing sheet to reproduce a color 
matching an original as best as possible. Such a color printer 
is also called a color laser printer. 
As shown in FIG. 1, such a conventional color printer 

includes emulators 10 and 12 for rendering original data, 
i.e., original text and image data from a PC drive (not 
shown) and generating a resultant display list, a printer 
firmware 14 for generally managing the printer and execut 
ing a printing command according to the display list and an 
engine firmware 16 for controllably operating a printer 
engine in response to the printing command from the printer 
firmware 14 So that four color toners, i.e., yellow, magenta, 
cyan and black toners are fixed onto a sheet to reproduce the 
original data thereon. 

After the display list is emulated, the emulators 10 and 12 
check-in the printing with the printer firmware 14, which in 
turn controls the engine firmware 16 to print the checked-in 
original data so as to output the printed sheet. 
The printer firmware 14 measures the remaining quanti 

ties of the four toners (i.e., yellow, magenta, cyan and black 
toners) to determine whether any of the four color toners 
does not exceed a predetermined level, and if any of the four 
color toners does not exceed the predetermined level, gen 
erates an alarm based upon at least one of visual and audio 
signals to notify a user of replacement time so that the user 
can replace the corresponding toner at a Suitable time. 

In the conventional color printer, however, the engine 
firmware 16 performs a normal printing according to the 
information of the display list regardless of the remaining 
quantities of the yellow, magenta, cyan and black toners 
contained in their cartridges. 

If the remaining quantity of any of the yellow, magenta, 
cyan and black toners does not exceed the predetermined 
level, the corresponding color toner fed under a suitable 
quantity or a reference value mixes with other normal toners 
when they are fixed onto a paper sheet. This provides the 
sheet with an image having colors different from those of the 
original data. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the fore 
going problems of the prior art and it is therefore an object 
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2 
of the invention to provide an apparatus and method for 
automatically adjusting toner density, by which toners can 
be fixed at a toner density matching a remaining toner 
quantity in a cartridge of the color printer so as to maintain 
optimum color density Substantially the same as that of the 
original data. 

According to an aspect of the invention for realizing the 
above objects, there is provided an apparatus for automati 
cally adjusting toner density in a color printer comprising a 
toner quantity adjusting module for reading remaining toner 
quantities from a plurality of cartridges, respectively, com 
paring a lowest level of the remaining toner quantities with 
a reference remaining quantity range to determine whether 
or not the lowest level is in the reference remaining quantity 
range, and applying a masking table, in which toner density 
matching the lowest level is set, to remaining ones of the 
cartridges as masking tables thereof. 

Preferably, the masking tables may contain a plurality of 
critical remaining quantities set gradually different from one 
another so that the lowest level is classified according to 
reference remaining quantity ranges defined between the 
critical remaining quantities and thus toner density data 
different from one another are set. 

In addition, the toner quantity adjustment module stores 
the masking tables according to toners so as to be provided 
to an engine firmware or a printer firmware in response to a 
printing command. 

According to an aspect of the invention for realizing the 
above objects, there is provided a method for automatically 
adjusting toner density in a color printer using a plurality of 
toner cartridges, the method comprising the steps of detect 
ing at least one cartridge containing a lowest level of 
remaining toner quantity from the cartridges; and setting a 
toner density matching the lowest level to other cartridges. 
Preferably, the method may further comprise the step of 
printing onto a sheet at the toner density. 

Preferably, the step of setting a toner density matching the 
lowest level to other cartridges may comprise: judging 
whether or not the lowest level is equal to or less than any 
one of the critical remaining quantities, and applying one of 
masking tables for setting a toner density matching the 
remaining critical quantity. 

In addition, the masking table may contain a plurality of 
critical remaining quantities set gradually different from one 
another so that the lowest level is classified according to 
reference remaining quantity ranges defined between the 
critical remaining quantities and thus toner density data 
different from one another are set. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and/or other aspects and advantages of the inven 
tion will become apparent and more readily appreciated 
from the following description of the embodiments, taken in 
conjunction with the accompanying drawings of which: 

FIG. 1 is a block diagram illustrating a conventional 
printing module for a color printer; 

FIG. 2 is a block diagram illustrating an apparatus for 
automatically adjusting toner density in a color printer 
according to the invention; 

FIG. 3 is an illustration of a table of an automatic 
adjustment module of the invention; and 

FIGS. 4A and 4B are a flowchart illustrating a method for 
automatically adjusting toner density in a color printer 
according to the invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference will now be made in detail to the embodiments 
of the present invention, examples of which are illustrated in 
the accompanying drawings, wherein like reference numer 
als refer to the like elements throughout. The embodiments 
are described below in order to explain the present invention 
by referring to the figures. 

The following detailed description presents an apparatus 
and method for automatically adjusting toner density in a 
color printer according to the invention in conjunction with 
the accompanying drawings, in which FIG. 2 is a block 
diagram illustrating an apparatus for automatically adjusting 
toner density in a color printer according to the invention, 
FIG. 3 is an illustration of a table of an automatic adjustment 
module of the invention, and FIGS. 4A and 4B are a 
flowchart illustrating a method for automatically adjusting 
toner density in a color printer according to the invention. 
As shown in FIG. 2, the apparatus for automatically 

adjusting toner density in a color printer according to the 
invention includes emulators 10 and 12, a printer firmware 
20, an engine firmware 40 and a toner quantity adjustment 
module 30. 

First, when a color printer (not shown) receives an origi 
nal data to be printed from a PC (not shown), the emulators 
10 and 12 execute rendering. That is, upon receiving the 
original data (including text and image data) from the PC 
(not shown), the emulators 10 and 12 render the original data 
into printable data thereby generating a display list. At the 
same time, the emulators 10 and 12 examine whether or not 
the printer firmware 20 can execute printing. 

The printer firmware 20 examines all cartridges (not 
shown) contained inside the printer (not shown) to detect the 
remaining quantities K of color toners contained in the 
cartridges, respectively. When the remaining toner quantities 
Kare detected, an algorithm determines the toner densities 
of the cartridges based upon the remaining toner quantities 
K. Then, the printer firmware 20 outputs a printing com 
mand of the display list. Herein the toners include four color 
toners, that is, yellow, magenta, cyan and black toners for 
expressing natural colors, and are contained in their car 
tridges, respectively. According to the algorithm, the toners 
are directly fixed onto a printing sheet to express the original 
data. 
The algorithm is executed by the toner quantity adjust 

ment module 30 as follows: When the remaining toner 
quantities of all the cartridges are measured by the printer 
firmware 20, one cartridge having the Smallest remaining 
toner quantity K is detected. Then, the Smallest remaining 
toner quantity K of the detected cartridge is compared with 
a preset critical remaining quantity, so that the Smallest 
remaining toner quantity K is equally applied to the remain 
ing cartridges. 

Herein the term "critical remaining quantity” means a 
predetermined quantity of a specific color toner remaining in 
a cartridge. When the remaining quantity of the color toner 
decreases to the "critical remaining quantity, the quantity of 
the color toner fed from the cartridge is reduced to a level so 
that the color toner is not harmonized with other color toners 
fed from other cartridges, thereby failing to reproduce the 
colors of the original data. As shown in FIG. 3, such lack of 
harmony really takes place at a critical remaining quantity A 
corresponding to, e.g., 47% of a cartridge's capacity, a 
critical remaining quantity B corresponding to, e.g., 25%, a 
critical remaining quantity C corresponding to, e.g., 19%, 
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4 
and a critical remaining quantity D corresponding to, e.g., 
10%, when toner quantity fully filled into a cartridge is set 
100%. 

Accordingly, the toner quantity adjustment module 30 
detects a cartridge having the Smallest remaining toner 
quantity, and compares its remaining toner quantity K in 
Succession with the preset critical remaining quantities A, B, 
C and D. If the remaining toner quantity K is the critical 
remaining quantity A or more, the original data can be 
reproduced as they are, and thus all toner densities are set to 
default to prepare for a normal printing. 

However, if the remaining toner quantity K is the critical 
remaining quantity A or less, while exceeding the next 
critical remaining quantity B, #1 masking table 35 is read 
from a storage area to prepare for printing. According to the 
#1 masking table 35, toner densities to be fixed by other 
cartridges are set equal with the toner density which can be 
fixed by the corresponding cartridge at the critical remaining 
quantity A or less. 

If the remaining toner quantity K is the critical remaining 
quantity B or less, while exceeding the next critical remain 
ing quantity C, #2 masking table 35 is read from the storage 
area to prepare printing. According to the #2 masking table 
35, toner densities to be fixed by other cartridges are set 
equal with the toner density which can be fixed by the 
corresponding cartridge at the critical remaining quantity B 
or less. 

Further, if the remaining toner quantity K is the critical 
remaining quantity C or less, while exceeding the next 
critical remaining quantity D. #3 masking table 35 is read 
from the storage area to prepare printing. According to the 
#3 masking table 35, toner densities to be fixed by other 
cartridges are set equal with the toner density which can be 
fixed by the corresponding cartridge at the critical remaining 
quantity C or less. 

Finally, if the remaining toner quantity K is the critical 
remaining quantity D or less, while exceeding 0%, #4 
masking table 35 is read from the storage area to prepare 
printing. According to the #4 masking table 35, toner 
densities to be fixed by other cartridges are set equal with the 
toner density which can be fixed by the corresponding 
cartridge at the critical remaining quantity D or less. 
As a result, when the toner quantity adjustment module 30 

sets a specific masking table 35 indicating a toner density 
which can be fixed by one cartridge having the lowest 
remaining toner quantity, the masking table 35 sets this toner 
density equally to the other toners to be fixed by the 
remaining cartridges. In this case, the masking table is set 
equally in a range between one critical remaining quantity 
and the next critical remaining quantity. 

Then, in response to a printing command from the printer 
firmware 20, the engine firmware 40 executes printing to 
reproduce the original data onto the printing sheet according 
to the rendered display list, by which toners are fed from all 
cartridges at the same toner density corresponding to the 
lowest remaining quantity according to the masking table 35 
set by the toner quantity adjustment module 30. Then, an 
output image of colors Substantially the same as those of the 
original data can be produced. 
The apparatus for automatically adjusting toner density in 

a color printer according to the invention operates according 
to a flowchart as shown in FIGS. 4A and 4B. 

First, in S1, the overall operation of the color printer starts 
with detecting that an original data such as a document or 
image to be printed is outputted from a PC. When the 
operation is started, corresponding emulators 10 and 12 
receive the original data, render the original data into 
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printable data, and generate a resultant display list in S2. 
Then, in S3, the emulators 10 and 12 check-in whether the 
printer firmware 20 is operatable or not. At this time, if the 
printer firmware 20 is printing other data, the emulators 10 
and 12 maintain a standby status. 

In S4, examination is performed of the cartridges (not 
shown) which are mounted inside the printer body (not 
shown) and have a plurality of different color (yellow, 
magenta, cyan and black) toners contained therein in order 
to detect the remaining toner quantities K, and in S5, one 
cartridge having the lowest level of remaining toner quantity 
K is selected. When the lowest level of remaining toner 
quantity is detected from two or more cartridges, only one 
of them is selected. 
An algorithm is executed to read a masking table 35 from 

the storage area so that the toner density that can be taken 
from the single selected cartridge is set equally to the other 
cartridges. 

That is, if the lowest level of remaining toner quantity K 
of the selected cartridge is larger than the critical remaining 
quantity A in S6, toner density is set to default so that the 
engine firmware 40 can perform printing by default in S7. 

If the remaining toner quantity K is in a range at the 
critical remaining quantity A or less, while exceeding the 
critical remaining quantity B in S8, the #1 masking table 35 
is read from the storage area to set a toner density that can 
be taken from a cartridge having a remaining toner quantity 
at the critical remaining quantity A or less is set to all 
cartridges in S9. 

If the remaining toner quantity K is in a range at the 
critical remaining quantity B or less, while exceeding the 
critical remaining quantity C in S10, the #2 masking table 35 
is read from the storage area to be set to all cartridges in S11. 

If the remaining toner quantity K is in a range at the 
critical remaining quantity C or less, while exceeding the 
critical remaining quantity D in S12, the #3 masking table 35 
is read from the storage area to be set to all cartridges in S13. 

If the remaining toner quantity K is in a range at the 
critical remaining quantity D or less, while exceeding 0% in 
S12, the #4 masking table 35 is read from the storage area 
to be set equally to all cartridges in S14. 

In this case, if the remaining toner quantity Kintermedi 
ates between the critical remaining quantities A and B, the 
density of toner that can be fed is substantially constant. 
Also, if the remaining toner quantity K gradually decreases 
along with the critical remaining quantity, the density of 
toner that can be fed is also reduced. 

Then, in S15, the original data of the rendered display list 
is printed out so that toner density is fixed according to the 
masking table 35 set according to the rendered display list in 
conjunction with the printing command. In S16, the above 
step of S15 is repeated until the printing is completely 
finished. 
The apparatus and method for automatically adjusting 

toner density in a color printer according to the invention can 
use an algorithm to eliminate vague colors which may occur 
at a critical remaining quantity or less, thereby obtaining an 
image having colors Substantially the same as those of an 
original data. 

According to the invention, toners can be fixed at a toner 
density matching a remaining toner quantity in a cartridge of 
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6 
the color printer so as to maintain optimum color density 
Substantially equal to that of the original data, thereby 
providing a user with a printed material of desirable colors. 

Although a few embodiments of the present inventive 
concept have been shown and described, it would be appre 
ciated by those skilled in the art that changes may be made 
in these embodiments without departing from the principles 
and spirit of the general inventive concept, the scope of 
which is defined in the appended claims and their equiva 
lents. 

What is claimed is: 
1. An apparatus for automatically adjusting toner density 

in a color printer comprising a toner quantity adjusting 
module for reading remaining toner quantities from a plu 
rality of cartridges, respectively, comparing a lowest level of 
the remaining toner quantities with a reference remaining 
quantity range to determine whether or not the lowest level 
is in the reference remaining quantity range, and applying a 
masking table, in which toner density matching the lowest 
level is set, to remaining ones of the cartridges as masking 
tables thereof. 

2. The apparatus for automatically adjusting toner density 
according to claim 1, wherein the masking tables contain a 
plurality of critical remaining quantities set gradually dif 
ferent from one another so that the lowest level is classified 
according to reference remaining quantity ranges defined 
between the critical remaining quantities and thus toner 
density data different from one another are set. 

3. The apparatus for automatically adjusting toner density 
according to claim 1, wherein, when the lowest level of the 
remaining toner quantities is detected from more than one of 
the plurality of cartridges, the toner quantity adjusting 
module selects only one of the cartridges as the lowest level 
of the remaining toner quantities. 

4. A method for automatically adjusting toner density in 
a color printer using a plurality of toner cartridges, the 
method comprising the steps of 

reading remaining toner quantities in the cartridges, 
respectively, and comparing a lowest level of the 
remaining toner quantities with a reference remaining 
quantity range to determine whether or not the lowest 
level is in the reference remaining quantity range; and 

setting toner density matching the lowest level to remain 
ing ones of the cartridges. 

5. The method for automatically adjusting toner density 
according to claim 4, wherein the masking tables contain a 
plurality of critical remaining quantities set gradually dif 
ferent from one another so that the lowest level is classified 
according to reference remaining quantity ranges defined 
between the critical remaining quantities and thus toner 
density data different from one another are set. 

6. The method for automatically adjusting toner density 
according to claim 4, wherein, when the lowest level of the 
remaining toner quantity is detected from more than one of 
the plurality of cartridges, selecting only one of the car 
tridges as the lowest level of the remaining toner quantity. 
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